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@ NBR-Kautschuke enthaltende Kautschukmischungen 
(57) Kautschukmischungen aus mindestens einem Acrylni- 

tril/Butadien-Kautschukgel und mindestens einem dop- 

pelbindungshaltigen Kautschuk sowie gegebenenfalls 

weiteren Fullstoffen und Kautschukhilfsmitteln eignen 

sich insbesondere zur Herstellung von Vulkanisaten mit 

ungewohnlich hoher Dampfung bei Temperaturen von 

-20 bis +30°C sowie ungewohnlich niednger Damptung 

bei Temperaturen von 40 bis 80°C. Die Vulkanisate kon- 

nen z. B. zur Herstellung naBrutschfester und rollwider- 

standsarmer Kfz-Reifen eingesetzt warden. 
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Bcschrcibung 



laufllachen. u „: f „„ c ;„h in HrrT irc-ratur cine Viclzahl von MaSnahmcn bcschricbcn wor- 

Es wurde jetzt uberraschend gefunden dafl inu spra witen 8 rf d amischc Dampfung 

tschukvulkanisatc cine hohc dynam>sch « J^^™^«Jc^ d ^ ^ ^ ^ 

[UUUew. icuc, vui*. b Fiillstoffcn und KautschukhilfsmiUeln. 

NBR - AcrylnitriiyButadien-Copolymensaten mil Oehalten an einpolymensiertem A try 

des trockenen Gels berechnet: 

Qj = NaSgewicht des ™ockengewht des Gels. ^ untcr SchUueln qud 

ZurEnnittlung des Quellungs.ndcxlaBt man z. B l. au mg ™* Gewichtskonstanz getiocknet und 

len Das Gel wird abzentrifugiert und gewogen, und anschl.eBend bei /U L 

stellung durch Polymerisation in Abwesenheit von Reglem is " n °g llc £; , . . vemetze nd wirkenden multi- 

Maleinsaure, Fumarsiiure und/oder Itaconsaure. Kautschutaelen kann auch in Latexform durch Nach- 

DieVe^tzungderAcrylntol^ Chcmikalien sind bci- 

vernetzung nut v«»«ri^*™ta ^^S%>^^«o^ Bis-a-butyLperoxy-isopropyD-benzol, 
spielsweise orgamsche Peroxide, z. «. ^' c "™ vl P ero - - s nimethvlhexin-3 2 5-dihydroperoxid, Dibenzoylper- 
Di-t-butylperoxid, 2,5-Dimethylhexan-2 ^5-dihydroperoxi 17 < < ^^^^^ ^ A^^isobutyrani- 

tn>, Azo-bis-cyelohexanmtn und Azo-b,s- J^^^^^i^ r^sulfidkautschuke, ™e Mercapto- 
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ca 170"C ncncbcnonfalls unler crhcihtcm Druck durchgcfuhrt wcrdcn. Sichc hicrzu Houbcn-Wcyl, Mcthodcn dcr orga- 
nkchen Cheniie 4 Auflaee, Bd. 14/2 Scite 848. Besonders bevorzugte Vernetzungsmittel sind Peroxide. 

Vor, waS'odefnachd^Nachvernetzung in Latexform kann gegebenenfalls auch eine Te.lchenvergroBerung durch 

oro^uto zuTHemellung der Acrylnitril/Butadien-Kautschukgele dienen. In diesem Fall empfiehlt es sich, d,e Losung 
SS'SSS^bcL^ uLrZuhi.fenahme eines Emulgators in Wasser zu 

Emulsion vor odcr nach dcr Entfcrnung des orgamschxn Losungsmittcls nut gccignctcn Vurnctzcrn nacntraghen zu vcr 
netyen Als Vemetzer eienen sich die zuvor genannten Vemetzer. 

BevoiugteTautschuke (B) enthalten Doppelbindungen entsprechend Iodzahlen von mindestens 2 vorzugswe.se 
5 bis 470 Die Bcstimmung dcr Jodzahlcn erfolgt im allgcmeincn durch Addition von Iodchlond ,n Ess.gsaurc nach 
w£ DIN 53 241 1 ™ 1 • We lodzahl definiert die Iodmenge in Gramm, die von 100 g Subs.anz chermsch gebunden 
W Dk Kauischuke (B) besitzen in der Regel Mooney-Viskositaten ML l+4/100°C (DIN 53 523) von 10 bis 150, vor- 

7U B7voiug?e KauShuke (B) sind neben Naturkautschuk auch Synthesekautschuke. Bevo^S,^^^ 
sind beisoielsweise bei I. Franta, Elastomers andRubber Compounding Materials, Elsevier New York 1989 oder auch in 
W^^Sc^jSa of Industrial. Vol. A 23, VCH Vcrlagsgcscllschaft, Weinheim 1993, beschncben. Sic umfassen 

BR - Polybutadien 

ABR - Butadien/Acrylsaure-Cu-alkylesier-Copolymere 

JmR P tt3utadien-(:opolymerisate mit Styrolgehalten von 1 bis 60, vorzugsweise 2 bis 50 <^-* 
XSBR - Lrol/Butadien-Copolymcrisate und Propfpolymerisate mit AcryLsiiure, Methacrylsaure AcrylmUil, Hydroxy- 
Shy JcryU und/oder Hydrox^thylmcthacrylat mit Styrolgehalten von 2 bis 50 Gcw,% und Gehalten an c.npolymcn- 
sierten polaren Monomeren von 1 bis 30 Gew.-%, 

^tut^^^ 

HNBR - tcilhydriertcr NBR-Kautschuk, in dem bis zu 98,5% dcr Doppelbindungen hydncrt s.nd 
EPDM - Ethyien/Propylen/Dien-Gopolymerisate 

^S^S^S^S^^ — i-besondcre Naturkautschuk, Emulsions-SBR- sowie Losungs-SBR- 
Kautlctk mU liner GlaLmperatur oberhalb von -50"C, die gegebenenfalls mit Silyleihem oder andcren funkt.one len 
sein Sn> wie z. B. in der EP-A 447 066 beschrieben, Polybutadienkautschuk mit hohem c.s- 1.4- 
JffiSS rSatoren auf Basis Ni, Co, 11 oder Nd hergestellt wird, sowie Polybutadtenkautschuk m,t 
einem Vinylgehalt von 0 bis 75% und deren Mischungen von Interesse. 

Die erfindungsgemaBen Kautschukmischungen aus dem Acrylnitril/Butadien-Kautschukgel (A) und den doppelbin- 
dunffshaltieen Kautschuken (B) konnen zusatzhch weitere Fullstoffe enthalten. _ 

B^rs^^l Fullstoffe zur Hcrstcllung der crfindungsgemaBen Kautschukmischungen und Vulkanisate sind 

- RuBe: Die hierbei zu verwendenden RuBe ^^.^^^^^^f^ 1 ^^^ 11 
,.nd besitzen BET-Oberflache von 20 bis 200 m 2 /g, wie z. B. SAF-, ISAF-; HSAF-, HAF-, FEF- oder Grr-RuBe, 

hoXer^eslauren, hergestellt z. B. durch Fallung von I^ungen von ^.^^S^ 
von Siliciurnhalogeniden mit spezifischen Oberflachen von 5 bis 1000, vorzugsweise 20 bis 400 m -/g (BE T-Ober- 
Eefund mit PrimarteilchengroBen von 5 bis 400 nm. Die Kieselsauren konnen gegebenenfalls auch als Misch- 
oxide mit anderen Mctalloxiden, wie A1-, Mg-, Ca-, Ba-, Zn- und Tioxiden, voruegen 

synthetische Silikate, wie Aluminiumsilikat, ErdalkalisiUkate, wie Magnesiumsihkat oder Calciums.hkat, m.t 
BET-Oberflachen von 20 bis 400 m 2 /g und Primarteilchendurchmessem von 10 bis 400 nm, 

- naturliche Silikate, wie Kaolin und andere natiirlich vorkommende Kieselsauren. 

- Metalloxide, wie Zinkoxid, Calciumoxid, Magnesiumoxid, Alumimumoxid, 

- Metallcarbonate, wie Magnesiumcarbonat, Calciumcarbonat, Zinkcarbonat, 

- Metallsulfate, wie Calciumsulfat, Bariumsulfat, 

- Metallhydroxide, wie Aluminiumhydroxid und Magnesiumhydroxid, 

- Glasfasern und Glasfaserprodukte (Matten, Strange) oder Mikroglaskugehi, . .. 

- Kautschukgele auf Basis Polychloropren und/oder Polybutadien und/oder Styrol/Butadien-Copolymeren mit 
TeilchengroBen von 5 bis 1000 nm. 

Die genannten Fullstoffe konnen alleine oder im Gemisch eingesetzt werden. In ^^^^^^K^^ 
rune des Verfahrens werden 10 bis lOOGew.-Teile Acrylnitril/Butadien-Kautschukgel (A), gegebenenfalls zusammen 
mit 0 1 biriOOGew.-Teilen RuB und/oder 0,1 bis 100 Gew.-Teilen heUe Fullstoffe, jeweds bezogen auf 100 Gew,Teile 

tion beschleuniger, Alterungsschutzmittel, Warmestabiiisatoren, Lichlschutzmittel, Ozonschutzmittel, yerarbe.mngs- 

hnfsmUterWeifhmacher, Tackifier, Treibmittel, Farbstoffe, Pigmente, Wachse, Streckmittel, organise he 

gerer Metalloxide sowie FUUstoffaktivatoren, wie Triethanolamin, Polyethylenglykol, Hexantnol, Bts^tnethoxysilyl- 

DroDvD-tetrasulfid, die der Gummiindustrie bekannt sind. ,,..,„„ 

P Te Kautschukhilfsmittel werden in ublichen Mcngcn, die sich unter anderem nach dem Verwendungszweck nchten, 
eingesetzt. Ubliche Mengen sind z. B. Mengen von 0,1 bis 50 Gew.-%, bezogen auf Kautschuk (B). 
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Als iiblichc Vcmctzcr konncn Schwcfcl, Schwcfclspcndcr odcr Peroxide cingesctzt werden. Die erfindungsgemaBen 
KauLschukmischungen konncn daruher hinaus Vulkanisationsbeschleuniger enthaltcn. Beispiele fur geeignete Vulkam- 
sationsbeschleuniger sind Mercaptobcnzthiazole, -sulfenamide, Guanidine, Thiurame, Dithiocarbamatc. Tnioharnstoffc 
und Thiocarbonate. Die Vulkanisationsbeschleuniger und Schwefel oder Peroxide werden in Mengen von 0,1 bis 
1 0 Gew.-%, bevorzugt 0,1 bis 5 Gew.-%, bezogen auf Kautschuk (B) eingesetzt. 

Die Vulkanisation der erfindungsgemaBen Kautschukmischungen kann bei Temperaturen von 100 bis 200 C„ bevor- 
zugt 110 bis 180°C, gegebenenfalls unter Druck von 10 bis 200 bar erfolgen. 

Die erfindungsgemaBen Kautschukmischungen aus Acrylnitril/Butadien-Kautschukgel (A) und den OC-doppelbin- 
dungshaltigen Kautschuken (B) konnen auf verschiedene Weise hergestellt werden. Zum einem ist selbstverstandlich 
moglich, die festen Einzelkomponenten zu mischen. Dafiir geeignete Aggregate sind beispielsweise Walzen, Innennu- 
scher oder Mischexlruder. Aber auch das Mischen durch Vereinigen der Lalices der Acrylnitril/Butadien-Kautschukgele 
mil den Laticcs der unvemctzten Kautschukc ist moglich. Die Isolicrung der so hcrgcstelltcn erfindungsgemaBen Mi- 
schungen kann, wie iiblich. durch Eindampfen, Ausfallen oder Gefrierkoagulation (vgl. US-PS 2 187 146) erfolgen. 
Durch Einmischen von Fullstoffen in die Latexmischungen und anschlieBende Aufarbeitung konnen die erfindungsge- 
maBen Mischungen direkt als Kaulschuk-/Fullstofr-Formulierung erhalten werden. 

Die weitere Abmischung der Kautschukmischungen aus dem Acrylnitril/Butadien-Kautschukgel (A) und den doppel- 
bindungshaltigen Kautschuken (B) mit zusatzlichen Fullstoffen sowie gegebenenfaUs Kautschukhilfsmitteln kann in ub- 
lichen Mischaggregaten, wie Walzen, Innenmischern und Mischextrudern, durchgefuhrt werden. Bevorzugle Mischtem- 

P °Die eifindungsgemaBen Kautschukvulkanisate eignen sich zur Herstellung von Formkorpem. z. B. fur die Herstellung 
von Kabelmanteln, Schlauchen, Treibriemen, Forderbandem, Walzenbelagen, Reifen, insbesondere Reifenlaufflachen, 
Schuhsohlen, Dichlungsringen und Dampfungselementen. 



Beispiele 
Bcispicl 1 
(a) Herstellung des Kautschukgels 



10 000 g eines unvemetzten Copolymerlatex aus 28 Gew.-% Acrylnitril und 72 Gew.-% Butadien mit einem Feststoff- 
gehalt von ^6 ">4 Gew-% entsprechend 2,624 kg Festkautschuk, wurden in einem Autoklaven vorgelegt. Bei 60 C gab 
man 52 48 g Dicumvlperoxid hinzu und riihrte unter Stickstoffatmosphare erst zwei Slunden bei 60°C und dann 45 Mi- 
nuten bei 150°C Nach dem Abkuhlen wurde durch ein Filtertuch (PorengroBe 0,2 mm) filtriert. Der erhaltene Latex des 
vernetzten NBR-Kautschuks hatte einen Feststoffgehalt von 26,2 Gew.-% und eine mittlere TeilchengroBe von 120 nm 
(DVN). Der Quellungsindex betrug 7. 



(b) Mischung des vernetzten NBR-Kautschuks mit unvernetztem Naturkautschuk 

5 725 kg (1500 g Feststoff) des so behandelten Kautschuklatex wurden anschlieBend in eine Mischung aus 5 kg Na- 
turkautschuklatex mit einem Feststoffgehalt von 30 Gcw.-% (1500 g Feststoff), 300 g einer 5%igcn waBngcn Harzsei- 
fenlosung (Dresinate 731, Hersteller Hercules) und 150 g einer 10%igcn waBrigen Dispersion des Alterungsschutzmit- 
tels Vulkanox 4020 (HersteUer Bayer AG) eingeruhrt. . 

Die so erhaltene Latexmischung enthielt vernetzten Kautschuk und Naturkautschuk im Gewichtsverhaltms 1:1. 



(c) Koagulation des Latex 

Zur Fallung von 3 kg Kautschukmischung wurden 8,78 kg der im Verfahrensschritt (b) gewonnenen Latexmischung 
bei 65°C in eine Losung von 225 g NaCl, 40,8 g A1 2 (S0 4 )3 • 18 H 2 0, 4,5 g Gelatine in 30 1 Wasser eingeriihrt, wobci der 
pH-Wert durch Zugabe von 10%iger H 2 S0 4 bei 4 gehalten wurde. Das Produkt wurde griindlich mit Wasser gewaschen 
und 2 Tage bei 70°C im Vakuum getrocknet 

Man erhielt ein Masterbatch bestehend aus 50 Gew.-% vernetzten NBR-Kautschukteilchen und 50 Gew.-% Naturkau- 

Beispiel2 

(a) Herstellung des Kautschukgels 

31 847 g eines unvernetzten Copolymerlatex aus 10 Gew.-% Acrylnitril. 30 Gew.-% Styrol und 60 Gew.-% Butadien 
mit einem Feststoffgehalt von 23,55 Gew.-%, entsprechend 7,5 kg FestkauLschuk, wurden in einem Autoklaven vorge- 
legt Bei 60°C gab man 225 g Dicumylperoxid hinzu und riihrte zwei Stunden bei 60°C unter Stickstoffatmosphare. An- 
schlieBend wurde 45 Minuten bei 150°C geriihrt. Nach dem Abkuhlen wurde durch ein Filtertuch (PorengroBe 0,2 mm) 
filtriert. Der Feststoffgehalt betrug 23,6%, die mittlere TeilchengroBe 44 nm (DVN) und der Quellungsindex der Kau- 
tschukteilchen 6. 

(b) Mischung des vernetzten NBR-Gels und Naturkautschuk in Latexform und 

(c) Koagulation des Latex erfolgten nach dem in Beispiel 1(b) und (c) angewandten Verfahren. 
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n Mastcrbatch bcstchcnd aus 50 Gcw.-% vernetztcn NBR-Kautschuktcilchcn und 50 Gcw.-% Naturkau- 



Die folgenden Mischungen wurden in einem Innenmischer bei 130°C hergestellt. Zum SchluB wurden Schwefel, Be- 
schleuniger sowie Formaldehydspender (Cohedur H30) auf derWalze bei 50°C zugegeben. Die Mengenangaben bezie- 
hen sich auf Gewichtsteile. 



BNR/NR Masterbatch (50:50 Gew.-TIe) aus Bsp.l 150 

BNR/NR Masterbatch (50:50 Gew.-TIe) aus Bsp.2 — 200 

Naturkatschuk TSR5 Defo 700 25 

Weichmacher Renopal 450 3 3 

Ozonschutzwachs Antilux L (Rheinchemie) 1,5 1,5 

Sterarinsaure 3 3 

Zinkoxid 3 3 

Antioxidans Vulkanox 4010 NA (Bayer AG) 1 1 

Phenol/Formaldehydharz Vulkadur RB (Bayer AG 5 

Schwefel 1.6 1,6 

N-tert.-Butyl-mercaptobenzthiazolsulfenamid 1 1 
Vulkacit NZ (Bayer AG) 

Cohedur H30 (Bayer AG) 0,6 

Vulkanisationszeit bei 1 60°C in Minuten 20 30 



Zugfestigkeit (MPa) 17,2 8,5 

Bruchdehnung (%) 588 483 

Spannungswertbei300%Dehnung(MPa) 6,1 4,2 

Harte bei 23°C (Shore A) 48 54 

Ruckprallelastizitat bei 23 °C (%) 50 14 

Ruckprallelastizitat bei 70°C (%) 69 53 



Patentanspriiche 

1 . Kautschukmischungen aus mindestens einem Acrylnitril/Butadien-Kautschukgel (A) und mindestens einem 60 
doppelbindungshaltigen Kautschuk (B), wobei der Anteil an Acrylnitril/Butadien-Kautschukgel 1 bis 100 Gew.- 
Teile, bezogen auf 100 Gew.-Teile C=C-doppelbindungshaltigem Kautschuk betragt, sowie gegebenenfalls weite- 

ren Fullstoffen und Kautschukhilfsmitteln. 

2. Mischungen nach Anspruch 1, dadurch gekennzeichnet, daB das Acrylnitril/Butadien-Kautschukgel (A) einen 
Quellungsindex in Toluol von 1 bis 15 besitzt. 65 

3. Mischungen nach Anspruchen 1 und 2, dadurch gekennzeichnet, daB das Acrylnitril/Butadien-Kautschukgel (A) 
eine TeilchengroBe von 5 bis 1 000 nm aufweist. 

4. Mischungen nach Anspruchen 1 bis 3, dadurch gekennzeichnet, daB der Anteil an Acrylnitril/Butadien-Kau- 
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Description 



The invention concerns a mixtures of rubbers 
containing C=C double bonds and acrylonitrile / butadiene 
rubber gels (NBR gels) as well as vulcanizates manufactured 
from these materials. The vulcanizates exhibit an 
unusually high damping at temperatures from -20 to +30° C as 
well as an unusually low damping at temperatures from 40 to 
80° C and are thus especially well suited for manufacturing 
vehicle low resistance vehicle tire treads that exhibit 
good stability on wet surfaces. 

Existing technical literature describes numerous 
measures for reducing the rolling resistance of tires. 
Included among these measures is the use of polychloroprene 
gels (EP-A 405 216) and polybutadiene gels (DE-A 4 220 563) 
in tire treads made of rubbers containing C=C double bonds. 
The disadvantages of using polychloroprene gel are the high 
price of rubber, the high density of polychloroprene and 
the ecological downsides to be expected during the 
recycling of scrap tires on account of the chloric 
components. While polybutadiene gels as described in DE-A 
4 220 563 do not entail these disadvantages, they lower the 
lower dynamic damping at both low temperatures (-20 to 



+20°C) and higher temperatures (40-80°C), which in practice 
means that the advantages in rolling resistance are 
accompanied by stability disadvantages on wet surfaces. 
Sulfur cross-linked rubber gels as described in GB-PS 1 078 
400 do not have a reinforcing effect and are thus not 
suited for the present application. 

A recent unexpected discovery showed that rubber 
vulcanizates containing C=C double bonds and filled with 
special NBR gels possess high dynamic damping at low 
temperature and low dynamic damping at higher temperature, 
resulting in advantages both in rolling resistance and 
stability on wet driving surfaces. Especially good 
characteristics are observed when NBR gels are used in 
rubber mixtures containing polybutadiene rubber. 

The object of the invention is to provide mixtures 
composed of at least one acrylonitrile/butadiene-rubber gel 
(A) and at least one rubber containing double bonds (B) , 
where the acrylonitrile/butadiene-rubber content gel is 1 
to 100 parts by weight, preferably 5 to 75 parts by weight 
for every 100 parts by weight of rubber containing C=C 
double bonds, as well as additional fillers and rubber 
additives if necessary. 

Acrylonitrile/butadiene-rubber gels (A) are understood 
to mean microgels manufactured by cross-linking NBR 

3 



acrylonitrile/butadiene-copolymers containing 1 to 80% by 
weight, preferably 5 to 50% by weight of polymerized 
acrylonitrile and/or 

XNBR acrylonitrile/butadiene-copolymers and graft polymers 
with additional polar unsaturated monomers such as acrylic 
acid, methacrylic acid, acrylamide, methacrylamide, N- 
methoxymethyl methacrylic acid amide, N-acetoxymethyl 
methacrylic acid amide, dimethyl acrylamide, hydroxyethyl 
acrylate, hydroxyethyl methacrylate and or styrene 
containing 1 to 75% by weight of polyermized acrylnitril 
and 1 to 20% by weight of third polymerized monomers. 

The acrylonitrile/butadiene rubber gels have a 
particle diameter of 5 to 1000 nm, preferably 20-400 nm, 
(DVN-value according to DIN 53 206) and swelling indices 
(Qi) in toluene of 1 to 15, preferably 1 to 10. The 
swelling index is calculated from the weight of the gel 
containing the solvent (after being processed in a 
centrifuge at 20,000 RPM) and the weight of the dry gel. 
Qi=wet weight of the gel/dry weight of the gel. 

The swelling index is ascertained for instance by 
swelling 250 mg of NBR gel in 25 ml toluene in a shaker for 
24 hours. The gel is processed in a centrifuge and weighed 
before then being dried at 70°C until reaching a constant 
weight, when it is then weighed once again. 

4 



The acrylonitrile/butadiene rubber starting products 
are preferably manufactured using emulsion polymerization. 
For further information, refer to I. Franta, Elastomers and 
Rubber Compounding Materials, Elsevier, Amsterdam 1989, 
page 155-168. 

The rubber starting products are cross-linked to form 
acrylonitrile/butadiene rubber gels in latex state. Cross- 
linking can be performed during polymerization by 
continuing polymerization to high conversions or in the 
monomer feeding process through polymerization at high 
internal conversions or following the polymerization 
through post-cross-linking or through the combination of 
both processes. The products can also be manufactured by 
means of polymerization in the absence of regulators. 

The cross-linking of acrylonitrile/butadiene-rubber 
can be achieved through copolymerization with cross-linking 
multi-functional compounds. Preferred multifunctional 
comonomers are compounds with at least two, preferably 2 to 
4, copolymerizable C=C double bonds such as 
diisopropenylbenzene, divinylbenzene, divinyl ether, 
divinyl sulfone, diallyl phthalate, triallyl cyanurate, 
triallyl isocyanurate, 1.2 polybutadiene NlN-m- 
phenylenmaleinimid and or triallyl trimellitate . The 
following can also be considered: the acrylate and 
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methacrylate of polyvalent, preferably divalent to 
tetravalent, C 2 to Cio alcohols, such as ethylenglykol , 
propanediol 1.2, butanediol, hexanediol, polyethylenglykol 
with 2 to 20, preferably 2 to 8 oxyethylene units, 
neopentyl glycol, bisphenol-A, glycerin, 
trimethylolpropane, pentaerythritol , sorbitol and 
unsaturated polyesters composed of aliphatic di- and 
polyols as well as maleic acid, fumaric acid and/or 
itaconic acid. 

The acrylonitrile/butadiene-rubbers can also be cross- 
linked in latex form to manufacture NBR rubber gels as a 
result of post-cross-linking them with cross-linking 
chemicals. Suitable cross-linking chemicals include, for 
example organic peroxides such as dicumyl peroxide, t- 
butylcumyl peroxide, bis- ( t-butyl-peroxyisopropyl ) benzene, 
di-t-butyl peroxide, 2.5 dimethylhexan-2 . 5 dihydroperoxide, 
2.5 dimethylhexin-3 , 2 , 5-dibenzoyl peroxide, bis- (2,4- 
dichlorobenzoyl ) peroxide, t-butyl perbenzoate, and organic 
azo compounds such as azo-bis-isobutyronitrile, azo-bis- 
cyclohexanenitrile, and azo-bis-valerodinitrile as well as 
dimercapto and polymercapto compounds such as 
dimercaptoethane, 1 , 6-dimercaptohexane, 1,3,5- 
trimercaptotriazine, and mercapto-terminat ing polysulphide 
rubbers such as mercapto-terminat ing reaction products of 
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bis-chloroethyl formal with sodium or also 

phenol/formaldehyde resin and formaldehyde donors such as 
hexamethylene tetraamine. The optimal temperature for 
post-cross-linking depends naturally on the reactivity of 
the cross-linking agent and can range from room temperature 
to approximately 170° C, with increased pressure if 
necessary. For further information, refer to Houben-Weyl, 
Methoden der organischen Chemie [Methods in Organic 
Chemistry], 4 th edition, Vol. 14/2, page 848. Peroxides in 
particular are preferred cross-linking agents. 

If necessary, particle enlargement can be performed 
through agglomeration prior to, during or following post- 
cross-linking in latex form. 

Acrylonitrile/butadiene rubbers created in organic 
solvents can serve as starting products for manufacturing 
acrylonitrile/butadiene-rubber gels. In this case, it is 
advisable to emulsify the rubber solution in water, with 
the aid of an emulsifying agent if necessary, and then 
cross-link the thereby yielded emulsion with suitable 
cross-linking agents prior to or following removal of the 
organic solvent. The previously mentioned cross-linking 
agents are suitable cross-linking agents for this purpose. 

Preferred rubbers (B) contain double bonds equivalent 
to iodine values of at least 2, preferably 5 to 470. 
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Iodine values are generally calculated by adding iodine 
chloride to acetic acid according to Wijs, DIN 53 241, Part 
1. The iodine value defines the iodine quantity in grams, 
which are chemically bound in 100 g of a substance. 

The rubbers (B) generally have Mooney-viscosit ies ML 
l+4/100°C (DIN 53 523) of 10 to 150, preferably 20 to 120. 

Both natural rubber and synthetic rubbers constitute 
preferred rubbers (B) . Examples of preferred synthetic 
rubbers are described in I. Franta's, Elastomers and Rubber 
Compounding Materials, Elsevier, New York 1989 or in 
Ullmann's Encyclopedia of Industrial, Vol. A 23, VCH 
Vorlagsgesellschaf t , Weinheim 1993. They include the 
following among others: 
BR — polybutadiene 

ABR--butadiene/acrylic acid-C14 alkylester copolymers 
IR — polyisoprene 

SBR — styrene/butadiene copolymers containing 1 to 60 % by 
weight, preferably 2 to 50 % by weight, of styrene 
XSBR — styrene/butadiene copolymers and graft polymers with 
acrylic acid, methacrylic acid, acrylonitrile, hydroxyethyl 
acrylate and/or hydroxyethyl methacrylate containing 2 to 
50 % by weight of styrene and 1 to 30 % by weight of polar 
monomers incorporated by polymerisation 
HR--isobutylene/ isoprene copolymers 
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NBR — butadiene/acrylonitrile copolymers containing 5 to 60% 
by weight, preferably 10 to 50% by weight, of acrylonitrile 
HNBR — partially hydrogenated NBR rubber in which up to 
98.5% of the double bonds are hydrogenated 
EPDM--ethylene/propylene/diene copolymers 
as well as mixtures of these rubbers. 

The following substances are of interest in the 
manufacturing of vehicle tires, for example: natural 
rubber, SBR emulsions as well as SBR rubber solution with a 
glass transition temperature above -50°C, which, if 
necessary can be modified with silyl ethers other 
functional groups, such as described in EP-A 447 066, 
polybutadiene rubber with high cis-1.4 content (<90%) 
prepared using Ni, Co, Ti or Nd-based catalysts, and 
polybutadiene rubber with a vinyl content of 0 to 75% and 
mixtures made from all of these products. 

The inventive rubber mixtures prepared from 
acrylonitrile/butadiene rubber gel (A) and the rubbers 
containing double bonds (B) can also contain additional 
fillers . 

Especially suited fillers for manufacturing the 
inventive rubber mixtures and vulcanizates include the 
following : 
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Carbon blacks: The carbon blacks to be used in this 
case are prepared by the lamp black, furnace black or 
channel black processes and have BET surface areas of 
from 20 to 200 m 2 /g, such as, for example, SAF, ISAF, 
IISAF, HAF, FEF or GPF carbon blacks 

highly dispersed silicas prepared, for example, by 
precipitating silicate solutions or by flame 
hydrolysis of silicon halides and having specific 
surface areas of from 5 to 1000, preferably 20 to 400 
m 2 /g (BET surface area), and primary particle sizes 
of from 5 to 400 nm. The silicas may optionally also 
be present as mixed oxides with other metal oxides, 
such as aluminium, magnesium, calcium, barium and zinc 
oxides and titanium oxides. 

synthetic silicates such as aluminium silicate, 
alkaline earth metal silicates such as magnesium or 
calcium silicate, having BET surface areas of from 20 
to 400 m 2 /g and primary particle diameters of from 10 
to 400 nm, 

natural silicates such as kaolin, and other naturally 
occurring silicas, 

metal oxides such as zinc, calcium, magnesium and 
aluminium oxide, 
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metal carbonates such as magnesium, calcium and zinc 
carbonate, 

metal sulphates such as calcium and barium sulphate, 
metal hydroxides such as aluminium and magnesium 
hydroxide, 

glass fibres and glass fibre products (mats, 
extrudates) or glass microbeads 

rubber gels based on polychloroprene and/or 
polybutadiene and/or styrol/butadiene copolymers 
having particle sizes of from 5 to 1000 nm. 

The fillers listed above can be used on their own or 
in combination. In an especially preferred embodiment of 
the method, 10 to 100 parts by weight 

acrylonitrile/butadiene rubber gel (A) , if necessary 
together with 0.1 to 100 parts by weight of carbon black 
and/or 0.1 to 100 parts by weight of light-colored fillers, 
in each for every 100 parts by weight rubber (B) can be 
used to manufacture the mixtures. 

The inventive rubber mixtures can also contain 
additional rubber additives such as cross-linking agent, 
reaction accelerators, antioxidants, heat stabilizers, 
light stabilizers, ant iozonant s , processing agents, 
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softeners, tackifiers, blowing agents, dyes, pigments, 
waxes, extenders, organic acids, retardants, metal oxides 
as well as filler activators such as triethanolamine, 
polyethylene glycol, hexanetriol, bis- 

( triethoxysilylpropyl ) -tetrasulf ide, which are familiar to 
the rubber industry. 

The rubber additives are employed in the usual 
quantities, which are dictated by the purpose for which 
they are intended among other factors. Usual quantities 
are, for example 0.1 to 50% by weight in relation to rubber 
(B) . 

Sulfur, sulfur donors or peroxides can be employed as 
conventional cross-linking agent. The inventive rubber 
mixtures can also contain vulcanization accelerators. 
Examples of suitable vulcanization accelerators are 
mercaptobenzothiazoles, mercaptobenzothiazole sulphene 
amides, guanidines, thiurams, dithiocarbamates , thioureas 
and thiocarbonates . The vulcanization accelerators and 
sulfur or peroxide are employed in quantities ranging from 
0.1 to 10% by weight, preferably 0.1 to 5% by weight in 
relation to rubber (B) . 
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The inventive rubber mixtures can be vulcanized at 
temperatures ranging from 100 to 200°C, preferably 130 to 
180° C, if necessary at a pressure of 10 to 200 bar. 

The inventive rubber mixtures prepared from 
acrylonitrile/butadiene-rubber gel (A) and the rubbers 
containing C=C double bonds (B) can be manufactured using 
various methods. For instance, mixing the solid individual 
components is naturally an option. Equipment suited for 
this purpose includes, for example, rolls, internal mixers 
or mixing extruders. It is also possible to mix them by 
combining the lattices of the acrylonitrile/butadiene- 
rubber gels with the lattices of the non-cross-linked 
rubbers. The inventive mixtures prepared in this manner 
can be isolated using the typical methods, i.e. 
evaporation, precipitation or freeze coagulation (see U.S. 
Patent No. 2,187,146). The inventive mixtures can be 
acquired directly as rubber/filler formulae by mixing the 
fillers into the latex mixtures and then subsequently 
working them up. 

The rubber mixtures prepared from 
acrylonitrile/butadiene rubber gel (A) and the rubbers 
containing double bonds (B) can be further mixed with 
additional fillers as well as any necessary rubber 
additives in conventional mixing equipment such as rolls, 
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inner mixers and mixing extruders. The preferred mixing 
temperatures range between 50 to 180°C. 

The inventive rubber vulcanizates are suited for 
manufacturing molds, e.g. for manufacturing cable 
insulation sheaths, hoses, drive belts, conveyor belts, 
roller coverings, tires, particularly tire treads, shoe 
soles, sealing rings and damping elements. 

Examples 
Example 1 
(a) Preparing the rubber gel 
10,000 g of an non-cross-linked copolymer latex 
consisting of 28% by weight of acrylonitrile and 72% by 
weight of butadiene with a solid content of 26.24% by 
weight, corresponding to 2.624 kg solid rubber, are placed 
in an autoclave. At 60°C, 52.48 g dicumyl peroxide is added 
and is stirred under a nitrogen atmosphere initially at 60°C 
for two hours and then at 150°C for 45 minutes. After the 
mixture has cooled off, it is filtered through a filter 
cloth (pore size 0.2 mm) . The latex yielded from the 
cross-linked NRB rubber has a solid content of 26.2% by 
weight and an average particle size of 120 nm (DNV) . The 
swelling index is 7. 
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(b) Mixing the cross-linked NBR rubber with non-cross- 
linked natural rubber 

5.725 kg (1500 g solid) of the rubber latex treated in this 
manner was then introduced into a mixture of 5 kg natural 
rubber latex with a solid content of 30% by weight (1500 g 
solid) , 300 g of a 6% aqueous resin soap solution 
(Dresinate 731, manufacturer: Hercules) and 150 g of a 10% 
aqueous dispersion of the antioxidant Vulkanox 4020 
(manufacturer: Bayer AG). 

The resulting latex mixture contains cross-linked 
rubber and natural rubber at a 1:1 weight ration. 

(c) Coagulation of the latex 

To precipitate 3 kg of rubber mixture a quantity of 8.78 kg 
of the latex mixture yielded in process step (b) was added 
to a solution of 225 g NaCl, 40.8 g A1 2 (S0 4 )3 - 18H 2 0, 4.5 g 
gelatin in 30 1 of water at a temperature of 65°C, while a 
pH of 4 was maintained through the addition of a 10% H2SO4 
solution. The product was thoroughly washed with water and 
dried for two days at 70°C under a vacuum. 
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A master batch consisting of 50% by weight of cross- 
linked NBR-rubber particles and 50% by weight of natural 
rubber is yielded. 

Example 2 
(a) Preparing rubber gel 
A quantity of 31,847 g of a non-cross-linked copolymer 
latex consisting of 10 % by weight of acrylonitrile, 30% by 
weight of styrene and 60% by weight butadiene with a solid 
content of 23.55% by weight corresponding to 7.5 kg of 
solid rubber were placed in an autoclave. A quantity of 
225 g dicumyl peroxide was added at a temperature of 60°C 
and stirred for two hours at 60°C under a nitrogen 
atmosphere. Afterwards the mixture was stirred for 45 
minutes at 150°C. Following the cooling phase, the mixture 
was then filtered through a filter cloth (pore size 0.2 
mm). The solid content was 23.6%, average particle size 44 
nm (DVN) and swelling index of the rubber particles 6. 

(b) The mixing of the NBR gel and natural rubber in 
latex form and 

(c) the coagulation of the latex were performed using 
the methods reflected in Example 1(b) and (c) . 
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A master batch consisting of 50% by weight of cross-linked 
NBR rubber particles and 50% by weight of natural rubber 
was yielded. 



Example 3 

The following mixtures were prepared in an internal 
mixer at 130°C. Afterwards, sulfur, accelerator and 
formaldehyde donor (Cohedur H30) were added to the roll at 
50°C. The quantities added are expressed as parts by 
weight . 



BNR/NR master batch (50:50% by weight) from 150 

example 1 

BNR/NR master batch (50:50% by weight) from 200 

example 2 

Natural rubber TSR5 Defo 700 25 

Softener Renopal 450 3 3 

Antiozonant wax Antilux L (Rheinchemie ) 1.5 1.5 

Stearic acid 3 3 

Zinc oxide 3 3 

Antioxidant Vulkanox 4010 NA (Bayer AG) 1 1 

Phenol/formaldehyde resin Vulkadur RB (Bayer 5 

AG) 

Sulfur 1.6 1.6 

N-tert-butyl-mercaptobenzthiazole 1 1 
sulf enamide 

Vulkacit NZ (Bayer AG) 

Cohedur H30 (Bayer AG) 0.6 

Vulcanization time at 160°C in minutes 20 30 



Tensile strength (MPa) 17.2 8.5 

Elongation at break (%) 588 483 

Tension at 300% expansion (MPa) 6.1 4.2 

Hardness at 23°C (Shore A) 48 54 

Elasticity at 23°C (%) 50 14 

Elasticity at 70°C (%) 69 53 



Claims 



1. Rubber mixtures prepared from at least one 
acrylonitrile/butadiene rubber gel (A) and at least one 
rubber containing double bonds (B) , where the 
acrylonitrile/butadiene rubber gel content ranges from 1 
to 100 parts by weight for every 100 parts by weight of 
rubber containing C=C double bonds as well as optional 



fillers and rubber additives. 



2. Mixtures as claimed in Claim 1, characterized by the 
fact that the acrylonitrile/butadiene rubber gel (A) has a 
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swelling index in toluene from 1 to 15. 

3. Mixtures as claimed in Claims 1 and 2, characterized by 
the fact that acrylonitrile/butadiene rubber gel (A) has a 
particle size from 5 to 1,000 nm. 

4. Mixtures as claimed in Claims 1 through 3, 
characterized by the fact that the acrylonitrile/butadine 
rubber gel content is 5 to 75 parts per weight for every 
100 parts per weight of rubber containing C=C double bonds. 

5. Use of rubber mixtures as claimed in Claim 1 for 
manufacturing rubber vulcanizates . 

6. Use of rubber mixtures as claimed in Claim 1 for 
manufacturing molds, in particular tire treads. 
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